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(54) DRY ETCHING 
(57)Abstract: 

PURPOSE: To hold an etching shape in an anisotropic shape 
having no undercut, and to accelerate an etching by adding rare 
gas to etching gas in a dry etching for selectively etching an 
organic film formed on a base layer. 
CONSTITUTION: An organic film 2 is, when applied to a 
multilayer resist process of a third layer structure, formed on a 
base layer 1 . A baking is conducted as designated by an arrow 
in response to the type or the organic film, an intermediate layer 
3 is formed on the film 2, and an upper resist layer 4 is further 
formed thereon. The layer 4 is selectively exposed to be 
patterned, with it as a mask the layer 3 is etched. Then, with 
the layer 3 as a mask dry etching is conducted by etching added 
with rare gas to etch the film 2. Thus, the film 2 is etched at a 
sufficient etching velocity to desirably etch an anisotropic 
shape. 
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Partial English Translation of 
LAID OPEN unexamined 
JAPANESE PATENT APPLICATION 

Publication No. 2-82620 

Line 20 of the lower right column on page 2 to line 16 of the upper right 
column on page 6 
[Problems to be solved] 

For solving the problem, a rare gas is added to an etching gas in a 
dry etching method for selectively etching an organic film formed on an 
underlying layer in the present invention. 

The dry etching method of the present invention is for selectively 
etching an organic film and accordingly, an etching gas used for this 
etching includes, according to an organic film to be etched, a gas as an 
etchant capable of etching the organic film. In the present invention, a 
rare gas is added to the etching gas. 

In the present invention, a rare gas is a gas in the group 0 of the 
element periodic table and Ne, Ar, Kr or Xe is preferably employed. 
Further, rare gases having a larger atomic weight (mass number) are more 
preferable. Accordingly, Ar, Kr or Xe is preferably employed and Kr or 
Xe is more preferably employed. 

The etching gas may include any gas in addition to the rare gas. 
Although examples of the etchant of an organic film include an 0 2 
(oxygen) gas, a N 2 (nitrogen) gas and an NH 3 (ammonia) gas, the etchant 
is not limited thereto. Although a preferable mode differs according to 
various conditions, there is one preferable mode: the etching gas includes 
the rare gas in a flow rate of 10 to 50 % and the other gas composition 
includes 0 2 , N 2 , NH 3 or a mixture gas thereof. The mixture gas may be 
also added to the rare gas. 

In the present invention, an organic film formed on an underlying 
layer is etched. 

Herein, any film may be employed as the underlying layer as long 
as an organic film of a resist or the like, which is to be etched, is formed 



1 



4 



thereon. The kind and material of the underlying layer are not limited 
and a semiconductor substrate or some another layer may be employed as 
the underlying layer. More specifically, a wiring layer, an interlayer 
insulating film, a semiconductor layer, a material of a mask or the like 
may be employed. The above layers may be ones to be patterned, using 
the organic film as a mask. Further, a layer made of at least two 
materials may be employed. Although provision of a step in the 
underlying layer is optional, provision of a step is particularly preferable 
for the present invention. 

In the present invention, any film may be adequately employed as 
the organic film to be selectively etched. For example, a photoresist for 
forming a photoresist pattern, that is, a material capable of being patterned 
by exposure and development may be employed as the material to be 
etched. 

For example, when the present invention is applied to a two-layer 
resist method as shown in Figure 2, a silicon-containing resist may be 
preferably employed. Among such resist materials which can be 
preferably employed, a silicon-containing resist in JP 61-188539B, for 
example, can be listed. 

Further, there can be listed a resist material made of a polymer 
having at least one of units expressed by a general formula (1) and a 
general formula (2) 
[General Formula 1] 




[General Formula 2] 
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(wherein, Ri and R 9 each represent a lower alkylene group, R2, R3, R4, Rio, 
R n and R J2 represent H, OH, CH 3 or CH 2 OH, R 5 to R« each represent a 
lower alkyl group, R13 represents CH 2 OCH 2 , and A represents phenol, a 
phenol derivative having substituents of 1 to 3, or 

OH 

X 'r 

[Qj- R<* — Si — R 1 t 

R14 represents a lower alkylene group and R15, Ri6 and Rn each represent 
a lower alkyl group. X represents a number larger than 0 and not more 
than 1 and Y represents 0 or 1-X). 

The above resist materials can be made of a phenol derivative and 
o-cresol, m-cresol, p-cresol, xylenol, resorcinol and the like can be listed 
as the phenol derivative. 

Further, in each of the above general formulas, the ratio of X and Y 
may be set any value, and Y is preferably set 0.7 or lower in consideration 
of efficient development in an organic alkaline solution. 

It is possible to preferably employ, for example, a resist made of a 
polymer expressed by the formula (4) below, which is obtained by reacting 
a monomer expressed by the formula (3) below. 
[Formula 3] 

OH OH 

^^CH, — Si —0 — Si — CH,-^^ 

CHi CH, (3> 



[Formula 4] 



°H OR 
CB, — Si 0 — Si — CH 1 
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(3) 



(4 ) 



As the resist material expressed by the formula (4), it is possible to 
preferably employ a material, in which the molecular weights of Mw and 
Mn by gel permeation chromatography as a standard constituent using 
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monodisperse polystyrene are respectively 5200 and 1100 and Mw/Mn is 
4.75, or a material in which Mw and Mn are respectively 28300 and 2200 
and Mw/Mn is 12.9. Further, it is possible to preferably employ a resist 
material made of a copolymer expressed by the formula (5) below, which 
is obtained by using a monomer expressed by the formula (3) below as a 
raw material. 
[Formula 3] 



Mw = 5000 
Mn = 2000 
Mw/Mn = 2.5 

[Operations] 

The etching mechanism in the present invention is not necessarily 
definite and accordingly, neither are the operations of the present 
invention. 

In the present invention, a sufficient etching rate can be obtained 
while an anisotropic shape is ensured, which is presumably owing to the 
following operations generally. 

It is considered that, in the present invention, the etching gas 
includes the rare gas such as Xe or Kr, which has no influence on the 
reaction by the etching gas and exhibits an effect of sputtering, whereby 
the etching rate is increased. 

In other words, since the reaction with the use of the rare gas is 
basically physical, the anisotropic shape is not damaged, and addition of 
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[Formula 5] 




0.67 ' n 
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the rare gas increases the energy of sputtering. Thus, it is estimated that 
the etching rate is increased by the rate corresponding to the increased 
energy. 

The effects of the increased etching rate by addition of the rage gas 
is sufficiently confirmed in embodiments described later. 

Since the larger the mass number is, the larger the effect of 
sputtering is, it is thought that the effects of the increased etching rate 
based on the sputtering effect are larger when a rare gas having a large 
atomic weight, such as Xe or Kr, is employed. 

[Embodiments] 

Specific embodiments of the present invention will be hereinafter 
described. It is to be noted that the present invention is not limited to the 
following embodiments naturally. 
First Embodiment 

In this embodiment, the present invention is applied to a dry 
etching for manufacturing a semiconductor device such as a highly 
integrated IC. Herein, the present invention is applied specifically to a 
multilayer resist process of a three-layer structure shown in Figure 1 . 

Figure 1 is referred to. 

In the present embodiment, an organic film 2 is formed on an 
underlying layer 1 (this may be a substrate or a conductive layer of, for 
example, aluminum, on an insulating layer.), as shown in Figure 1(a). 
This organic film 2 corresponds to the organic film to be selectively etched 
by applying the present invention. When the underlying layer 1 has a 
step, the organic film 2 can function as a planarization film in the same 
manner as a planarization film 2' shown in Figure 2. 

Baking is performed according to the kind of an organic film to be 
employed if circumstances require, as indicated by an arrow in Figure 
1(a). 

Then, an intermediate layer 3 is formed on the organic film 2 and 
an upper resist layer 4 is formed thereon, as shown in Figure 1(b). 

A material known as SOG (Spin on Glass) is employed for the 
intermediate layer, so that the intermediate layer is formed as a SOG film. 

The intermediate layer 3 serves as a mask for pattering the organic 
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film 2 and the upper resist layer 4 is selectively exposed to light so as to 
pattern the intermediate layer 3. 

After the structure of Figure 1(b) is obtained in the above manner, 
the resist layer 4 is selectively exposed to light and then is patterned, so 
that the structure of Figure 1(c) is obtained. 

The intermediate layer 3 is etched, using the patterned resist layer 
4 as a mask, as shown in Figure 1(d). Herein, a RIE method is employed 
for this etching. 

Next, the organic film 2 is dry-etched with use of an etching gas 
including a rare gas, utilizing the patterned intermediate layer 3 as a mask. 

The Conditions for this dry-etching are as follows: 

An etching gas, in which nitrogen and xenon are mixed in a 
volume ratio of 1 to 1 (the equal flow rate), is employed. 

More specifically, a mixture gas of N 2 /Xe = 25/25 CCM is 
employed as an etching gas. 

Further, the etching is performed under the conditions that the 
pressure is 50 mTorr and the RF bias electric power is 50 W. 

In this way, the etching with regard to the organic film 2 proceeds 
at a sufficient etching rate, so that an excellent anisotropic etching is 
achieved, as shown in Figure 1(e). 

For comparison, another etching is performed in the same 
conditions as those for the above etching except that only N 2 is employed 
as an etching gas. As a result, the etching rate obtained in the present 
embodiment is greater by 50 % of that obtained in the case for comparison, 
which indicates obvious effect of Xe addition. 

Wherein, although OFPR 800, which is a resist manufactured by 
TOKYO OHK KOGYO, CO LTD., is employed as the organic film 2 in 
the present embodiment, another organic film and an etching gas 
according to the organic film may be employed for embodiments of the 
present invention. For example, embodiments can be put into practice in 
a manner that the two-layer resist method is employed and the 
silicon-containing resist is used for the organic film formation. 

Moreover, Si0 2 , for example, may be employed instead of SOG for 
the intermediate layer 3. Other various modes are also possible. 

As described above, according to the present invention, it is 
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unnecessary that the ion energy voltage Vdc is set at such a high value that 
anisotropy is damaged, and etching with regard to the organic film at a 
high etching rate is enabled. In the present embodiment, particularly a 
multilayer resist can be etched at a high etching rate while the anisotropic 
shape is ensured. 
Second Embodiment 

In this embodiment, a mixture gas of oxygen and xenon is 
employed as an etching gas, wherein the flow rate ratio of oxygen and 
xenon is 70 to 30, and the other conditions are the same as those in the 
first embodiment. As a result, the same effects as those in the first 
embodiment can be obtained. 
Third Embodiment 

In this embodiment, a mixture gas of ammonia and xenon is 
employed as an etching gas, wherein a flow rate ratio of ammonia and 
xenon is 60 to 40, and the other conditions are the same as those in the 
first embodiment. As a result, the same effects as those in the first 
embodiment can be obtained. 
Fourth Embodiment 

In this embodiment, a mixture gas of nitrogen and krypton is 
employed as an etching gas, wherein a flow rate ratio of nitrogen and 
krypton is 50 to 50, and the other conditions are the same as those in the 
first embodiment. As a result, the same effects as those in the first 
embodiment can be obtained. 
Fifth Embodiment 

In this embodiment, a mixture gas of nitrogen and argon is 
employed as an etching gas, wherein a flow rate ratio of nitrogen and 
argon is 50 to 50, and the ion energy voltage Vdc is set slightly higher than 
that in the first embodiment. The other conditions are the same as those 
in the first embodiment. As a result, the same effects as those in the first 
embodiment can be obtained. 
Sixth Embodiment 

In this embodiment, a mixture gas of oxygen and krypton is 
employed as an etching gas, wherein a flow rate ratio of oxygen and 
krypton is 70 to 30, and the other conditions are the same as those in the 
first embodiment. As a result, the same effects as those in the first 
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embodiment can be obtained. 
Seventh Embodiment 

In this embodiment, a mixture gas of oxygen and argon is 
employed as an etching gas, wherein a flow rate ratio of oxygen and argon 
is 70 to 30, and the other conditions are the same as those in the fifth 
embodiment. As a result, the same effects as those in the first 
embodiment can be obtained. 
Eighth Embodiment 

In this embodiment, a mixture gas of ammonia and argon is 
employed as an etching gas, wherein a flow rate ratio of ammonia and 
argon is 60 to 40, and the other conditions are the same as those in the fifth 
embodiment. As a result, the same effects as those in the first 
embodiment can be obtained. 
Ninth Embodiment 

In this embodiment, a mixture gas of ammonia and krypton is 
employed as an etching gas, wherein a flow rate ratio of ammonia and 
krypton is 60 to 40, and the other conditions are the same as those in the 
first embodiment. As a result, the same effects as those in the first 
embodiment can be obtained. 

[Effects of the Invention] 

As described above, the dry etching method according to the 
present invention has the effect that the etching rate can be sufficiently 
high while the etching shape is kept anisotropic (particularly anisotropic 
without an undercut). The present invention can be effectively applied to, 
for example, the multilayer resist process (silicon-containing two-layer 
resist process, three-layer resist process and the like). 
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